Proton permeability of the plasma membrane of rat cortical synaptosomes.
1. Transmembrane pH gradients (acidic inside) and electrical gradients (negative inside) were estimated in cortical synaptosomes from the distribution of the weak base methylamine and the lipophilic cation tetraphenylphosphonium, respectively. 2. Acidic interior pH gradients were produced by outwardly directed K+ gradients in Na+-free media. External K+ accelerated the dissipation of preformed H+ gradients. The appearance of H+ in the medium was directly demonstrated by pH-stat titration of a weakly buffered medium. Amiloride failed to inhibit K+-induced H+ release. 3. Elevating K+ in the absence of Na+ did not affect the endogenous contents of noradrenaline, dopamine, and serotonin, as determined by high-performance liquid chromatography with electrochemical detection. 4. H+ diffusion potentials were generated when outwardly directed H+ gradients were imposed onto the plasma membrane indicating an electrogenic H+ efflux which is not coupled to other ions. 5. At low K+ in the Na+-free sucrose medium, the plasma membrane potential Em (derived from distribution of tetraphenylphosphorium cation) did not approach a value for EK, the K+ equilibrium potential (calculated from K+ gradients). The deviation of Em from EK could be quantitatively described by a modified constant-field equation, taking a relative H+/K+ permeability coefficient of 12,400 into consideration. 6. It is concluded that synaptosomes have a H+ conductance pathway in their plasma membrane in addition to the Na+/H+ antiporter. H+ influx is driven by and leads to a reduction of Em. K+/H+ exchange resulted from the electrical coupling of K+ and H+ fluxes via parallel K+ and H+ channels. Since the Na+/H+ antiporter counteracts passive equilibration of H+ under physiological conditions, a continuous cycling of H+ across the plasma membrane will take place. A possible physiological role of the H+ leak in pHi regulation is discussed.